Background There are concerns that quality of medical care may be poorer on weekends than weekdays. Invasive meningococcal disease, comprising septicaemia and meningitis, is often life threatening unless it is immediately and effectively treated regardless of day of the week.
Introduction
There have been concerns in recent years that the quality of medical care may have been suboptimal at weekends. 1 -6 However, studies of 'weekend effects' are confounded by issues of case mix, as patients admitted at weekends are typically sicker than the weekday case mix. We decided to study hospital admissions and case fatality rates (CFR)s for meningococcal disease by day of the week of admission in the English National Health Service (NHS). Acute invasive meningococcal disease, comprising meningococcal septicaemia and meningococcal meningitis, is an important life-threatening illness for which prompt medical care may be life-saving. Case fatality rates from meningococcal disease were 70-90% prior to the introduction of antimicrobial chemotherapy in 1937. 7 With early diagnosis and appropriate treatment, the CFR is less than 10%. 7 -10 There are few other diseases, if any, in which the impact of acute medical care on survival is both so considerable and unequivocally related to care itself. 11, 12 Meningococcal disease is, therefore, a potentially useful 'tracer disease' 13 to use as a clinical example in studies of access to, and quality of, acute care.
This study has the potential to identify results of deficiencies, associated with the day of the week, in both primary and secondary care. Deficiencies in primary care might result in weekend delays in getting patients promptly to hospital for specialist care. Deficiencies in hospital care might result in an excess of fatal outcomes in people admitted on weekends. Our null hypothesis was that hospital admission rates, numbers of deaths outside hospital without admission and CFRs following admission would not differ by the day of the week.
Methods
We used an anonymized data set of English National Hospital Episode Statistics (HES) and mortality records supplied by, respectively, the NHS Information Centre and the Office for National Statistics ( population of England: 52 million). All records were linked from 1999 to December 2010, such that successive admissions for each individual, and death if it occurred, are in a composite time-sequenced record for the individual (linkage data set version 13.06). The HES data set includes data on all NHS hospital admissions in England. The mortality data set includes records of all deaths of residents of England. Linkage was effected using encrypted values of the HESID (a unique number for each individual admitted to hospital for NHS care) and of the NHS number (unique for each individual in England) supplemented with encrypted values of the patients' postcode, date of birth and sex.
Study population
We selected records for all people with a discharge diagnosis in HES of meningococcal disease (code A39 in the 10th revision of the International Classification of Diseases, code 036 in the 9th revision) from 1999 to 30 September 2010. The latter cut-off allowed a follow-up period for registrations of deaths up to 90 days after their date of occurrence. Where a person had more than one admission with a code for meningococcal disease, as is the case for example for inter-hospital transfers, we selected the first as the incident event for analysis for this paper. Deaths of hospitalized patients were identified through linkage to death certificates. Unless otherwise stated, the analyses in this paper exclude people who were admitted to hospital and discharged home alive on the same day (378 people, 6 subsequent deaths within 30 days), the day after admission (835 people, 2 deaths) or on the second day (1697 people, 0 deaths). The reason for excluding them was that the great majority are likely to have been cases admitted with suspected meningitis but then diagnosed and discharged with a less serious illness. Hospital admissions with missing age, sex or date of admission were excluded from the analysis (,0.4% of all admission records).
Deaths without hospital admission were defined as those with meningococcal disease as a cause of death on the death registration record, with a place of death outside hospital, and without a corresponding hospital admission.
Case fatality rates
The 30-day hospital CFR was calculated using the total number of hospital admissions with a discharge diagnosis of meningococcal disease as the denominator and all deaths (irrespective of certified cause or place of death) in 0-29 days after the date of hospital admission as the numerator. The total CFR for all cases of meningococcal disease includes the hospitalized cases as defined above, plus all the deaths without hospitalization added to both the denominator and numerator.
Statistical analysis
Statistical analyses were performed in IBM SPSS Statistics version 20 for Windows. We used x 2 statistics to compare categorical variables and to test their statistical significance. Mantel-Haenszel x 2 tests for linear associations between two variables were used to examine trends over time. Binary logistic regression analysis using the 'enter' method was used to quantify the effects, on the hospital 30-day CFR, of age (grouped ,1, 1-4, 5 -9 and in 5-year groups to 75-79, then 80þ), sex, year of admission, socio-economic deprivation [classified by the Index of Multiple Deprivation (IMD) score for the person's area of residence] and day of the week of admission. We assessed the fit of the model by using the Hosmer-Lemeshow x 2 statistic, where a P-value of .0.05 indicates satisfactory fit.
Analysis of 'weekend effects'
We analysed the data for each day of the week individually and then for Saturday and Sunday, combined, versus Monday-Friday combined. We also re-defined a possible 'weekend effect' as Friday-Sunday versus MondayThursday; and re-defined it again as Saturday-Monday (in the anticipation that weekend delay might result in an excess of moribund admissions on a Monday).
Age
Most of the grouped findings are presented for people ,15 years, and 15 and over, because they will have been treated in different specialties: the study of people ,15 can be considered a study of care given mainly in paediatrics and the 15s and over as a study of acute adult medical care.
Results
Hospital admission by day of the week There were 19 113 people admitted to hospital for meningococcal disease (Table 1) : 10 136 (53%) were male and 12 697 (66.4%) were under the age of 15 years. There were statistically significant but very small differences between days of the week in numbers of admissions ( Table 1 ). The average was 2730 admissions on each day; the highest number of admissions was on Friday at 2873 and the lowest was on Saturday at 2569.
Death without hospital admission: day of the week During the same time period, 616 people died from meningococcal disease without hospital admission (Table 2) , of whom 328 (53.2%) were male and 279 (45.2%) were under the age of 15 years (39.1% were ,5). There were no significant differences between the days of the week in numbers of deaths (Table 2) . If the spread of deaths were uniform across the days, there would be 28.6% of deaths expected on any 2 days. Comparing the observed number of deaths on individual days with the expected numbers gave a x 2 6 value of 4.1, P ¼ 0.66 (,15s P ¼ 0.55, .15s P ¼ 0.45); and comparing the observed and expected numbers of deaths on Saturday and Sunday with those on MondayFriday gave a x 2 1 value of 0.8, P ¼ 0.37 (,15s P ¼ 0.86, .15s P ¼ 0.29) ( Table 2) .
Deaths on the same day as admission or within 1 or 2 days: day of the week of admission
We considered the possibility that seeking variation of death without admission, by day of the week, was too extreme; but that 'day of the week' effects might have been manifest in the admission of moribund patients who were admitted to hospital but destined to die. We, therefore, analysed the data for patients who died (after admission) on the same day as admission, or on the day after, or 2 days after. There was no evidence of an adverse 'weekend effect' in these respects (Table 2) .
30-day CFRs
The 30-day CFR for people admitted to hospital was 4.9% and that for all cases, including the out-of-hospital deaths, was 7.9%. The 30-day hospital CFR for people aged ,15 years was 2.9% and that for people aged 15 and over was 9.0% (Table 3 ). The 30-day CFR for the under 15s, by day of the week, ranged from a low of 2.3% on Friday and Sunday to a high of 3.8% on Thursdays (differences between individual days were marginally significant, based on very large numbers, and not interpretable as a systematic effect related to weekend care).
The 30-day CFRs for patients aged 15 and over ranged from a low on Thursdays of 8.5% to a high on Tuesdays of 9.7% (not significant, and no hint of a 'weekend effect', Table 3 ). Grouping days into weekdays and weekends, for those ,15, the weekday 30-day CFR was 2.9% compared with 2.8% for weekend admissions (P ¼ 0.92, Table 3 ). For those aged 15 and over, the weekday CFR was 9.0% compared with 9.1% for weekend admissions (P ¼ 0.85, Table 3 ). Two other combinations of potential 'weekend effect' are shown in Table 3 , Friday -Sunday versus other days and Saturday -Monday versus other days. Whichever way a 'weekend effect' was defined, there was no evidence of a 'weekend effect' on 30-day CFRs (Table 3) . We considered the possibility that there may have been systematic 'weekend effects' in some years and that an overall analysis may have masked them. Accordingly, we analysed data for individual years (Supplementary data, Appendix 3). There were no significant differences between the 30-day CFR for weekday and weekend admissions in all subgroup analyses except one: in 2006 for people aged 15 years and over, there was a marginally significant high CFR at the weekend (weekday CFR 5.8%, weekend 12.8%, x 2 1 P ¼ 0.028) but, given the multiple comparisons made, this is consistent with its being a chance finding.
Potential confounders and multivariate modelling
We considered the effects on CFRs of sex, age (in 5-year groups), year of admission, IMD score (in quintiles) and day of the week of admission, adjusting each factor for the effects of all others. Table 4 shows results for the all-ages analysis. The odds ratio (OR) for death within 30 days of admission was higher for males than females, differed substantially by age, declined over time and generally did not differ according to deprivation (it was slightly but nonsignificantly higher in the lowest deprivation quintile, OR 1.21 [95% confidence interval (CI) 0.97 -1.51].
We compared weekends with weekdays (using the latter as the reference category) for the unadjusted ORs first. For weekends defined as Saturday and Sunday, the unadjusted OR was 1.0 (95% CI 0.87 -1.16); for weekends defined as Friday-Sunday, it was 0.95 (95% CI 0.83 -1.09) and for weekends defined as Saturday -Monday, it was 0.96 (95% CI 0.89 -1.10). Adjustment for all other factors shown in Table 4 made little difference: for the above definitions of 'weekend effect', the OR for weekend compared with weekday admissions were, respectively, 1.02 (95% CI 0.88 -1.19), 0.96 (0.84-1.10) and 0.97 (0.85 -1.12, Table 4 ). As noted above, the distribution of the factors for which we adjusted were, in fact, very similar when weekends and weekdays were compared in univariate analysis and so we did not anticipate and did not find any appreciable differences between the unadjusted and adjusted rate ratios.
We repeated the analyses confined to people aged ,15 and obtained similar results except that, in this age group, there was no significant decline in CFRs by year ( Table 4 ). As Table 4 shows, there was no evidence of a 'weekend effect', whichever definition of 'weekend effect' was used.
We considered those cases of bacterial meningitis that do not have an organism identified as some of them will have been meningococcal. We repeated our analysis by adding cases of 'bacterial meningitis, unspecified' (ICD 10 G00.9) to the cases of meningococcal disease. Our findings remained similar with the inclusion of G00.9 (Table 4) .
Next, we re-introduced into the study the 2910 people who were admitted to hospital but discharged home alive after 2 days or less (Table 4) . Finally, we undertook further analyses that are shown in Supplementary data, Appendix 4. None of these analyses changed the conclusions about lack of weekend effects.
Discussion Main findings of this study
None of the analyses of CFRs comparing admissions by day of the week showed significant differences, whether compared across 7 days or compared as weekends versus weekdays. Specifically, there was no evidence of a systematic adverse 'weekend effect'. Similarly, the analysis of deaths outside hospital showed no evidence that deaths of people who never reached hospital care were more common at weekends. The great majority of patients with acute meningococcal disease in England will have been treated in NHS hospitals and, if referred by general practitioners (GPs), will have been referred by NHS GPs. Accordingly, this is a study of what was predominantly NHS care. Our 30-day CFR was 4.9%, similar to that published for laboratory-confirmed Continued meningococcal disease in England and Wales in recent years. 14, 15 During the period of the study population-based admission rates for meningococcal disease declined, as expected, following increased use of vaccination against serogroup C meningococcus. 16 
What is already known on this topic
In recent years, there has been interest in studying and interpreting 'weekend effects' in the quality of medical care. The literature shows inconsistencies. This is not surprising because 'weekend effects', or lack of them, may differ between clinical conditions, health-care systems and periods of time. 3, 6, 17, 18 Other studies from the UK have reported excess mortality associated with weekend care for a range of conditions combined. 1, 2, 19 Studies of mortality by day of the week are likely to encounter problems with taking account of case mix, even in the study of one disease; 20 and such problems are likely to be compounded in studies that include several diseases in combination. 21 However, studies of one disease raise questions of generalizability. Logistic regression was performed separately for each patient subgroup and adjusted for the following variables: sex, age group, year of admission and IMD score in quintiles.
*P-value ,0.05, **P-value ,0.01, ***P-value ,0.001.
MORTALITY FROM MENINGOCOCCAL DISEASE BY DAY OF THE WEEK

What this study adds
We undertook a population-based study of survival of people with meningococcal disease, because survival is often critically dependent on effective medical care. In addition, the case mix and clinical severity of weekday and weekend admissions for meningococcal disease is likely to be more homogeneous than that for many other conditions. This is important in the choice of the disease for study because a crucial issue in studies that find an excess of deaths in weekend admissions is whether the explanation is quality of care or case mix (i.e., that, typically, people admitted at weekends are likely to be more severely ill than those admitted on weekdays). 22 There was no evidence that 'weekend effects' resulted in excess deaths from meningococcal disease. The findings show what the NHS has achieved in this respect in the past. However, it cannot be assumed that this will inevitably continue; and our finding cannot be assumed to be generalizable to other diseases in the NHS or to meningococcal disease in other countries. There should be no complacency about the need to assure the highest possible standards of care at all times. 23, 24 Meningococcal disease should be a good 'tracer' disease to study to ensure that high standards continue in respect of weekend care for the severely ill. It should also be a good disease to study in comparisons of performance in quality of acute care across countries and across health-care systems.
Limitations of this study
A potential weakness is that our study design is based on the assumption, very likely but perhaps not certain, that the incidence and severity of the disease did not vary in any important ways by day of the week. We have no way of testing this directly, though other studies have shown that incidence of meningococcal disease, measured as hospital admissions, was evenly distributed by day of the week. 25, 26 We also acknowledge that there exist less severe clinical variations of meningococcal disease than septicaemia and meningitis 27 and that many cases of meningococcal septicaemia and meningitis will recover with no more intensive treatment than intravenous antibiotics.
The slight deficit in numbers of admissions on Saturday and Sunday might, in principle, indicate missed diagnosis at weekends. However, the fact that there is no significant weekend excess in deaths outside hospital, assuming that outside hospital deaths would be subject to post-mortem and accurate post-mortem diagnosis, means that this explanation is unlikely.
Other potential weaknesses are that we are reliant on data in routine data sets and, because of privacy regulations, it is not possible to check their reliability by studying case notes. Accordingly, we have no data on the diagnostic criteria used for making the diagnosis of meningococcal disease. However, we have data from the Health Protection Agency (HPA) in a comparable period for most of our study (2000 -2009) , and our HES cases (15 475 in this period) compare with 15 037 laboratory confirmed cases in the HPA data. 28 We have no data on post-infection morbidity, as distinct from mortality, by day of the week of admission. Our data set does not include information on the hour of hospital admission and so we were not able to examine case fatality by time of admission.
We have no data to explain, directly, the fact that CFRs in adults fell during the study period, while CFRs in children remained constant. One explanation may be that, because CFRs are higher in serogroup C disease than in serogroup B 15 and because most childhood infection is group B, reducing group C disease by vaccine (since 1999) would have a greater impact on adult than childhood mortality.
Conclusion
There was no evidence of excess deaths from meningococcal disease associated with weekend care.
Supplementary data
Supplementary data are available at PUBMED online. 
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